According to work observation studies, daily exposure time to vibration was 160-210 min. ISO5349 predicted that this exposure level would be associated with a high risk of HAVS in workers. We found no clear evidence of VWF. There may be several reasons why no worker exhibited VWF: (1) warmer work conditions, (2) younger and less experienced workers, (3) seasonal changes in work operations, and (4) healthy worker effect. On the other hand, 5-10% of rock drill operators might be suffering from moderate HAVS which was sensori-neural type dominant. There may be some characteristic features of HAVS among quarry workers in the tropical area. (J Occup Health 2005; 47: 165-170) 
Industrial mechanization has progressed rapidly in developing countries, particularly in Southeast Asia. Hand held vibrating tools have come into widespread use with the progress of industrialization in this area. In the developed countries hand arm vibration syndrome (HAVS) has become a representative of occupational diseases in the last few century [1] [2] [3] . A lot of studies have focused on and clarified the characteristics of this syndrome. Vibration induced white finger (VWF) is a well-known typical clinical feature of this syndrome. Cold ambient temperature is known to provoke VWF in northern countries. On the other hand, for a long time no information on hand arm vibration syndrome has been available from developing countries in tropical areas.
The authors have previously stated that a tropical climate inhibited the occurrence of vibration-induced white finger (VWF) according to risk estimation studies of HAVS among chain saw operators engaged in tropical forestry [4] [5] [6] . However, few studies have focused on the health effects of vibrating tools in the tropical area 7) . This study examined the health effects of vibrating tools among quarry workers in Vietnam, focusing on the following aspects of their working situation: (1) vibration exposure from rock drills as determined by observation and measurements; (2) life history and subjective complaints ascertained by interviews; and (3) occurrence of HAVS estimated by health examinations.
ISO has already set up international standards for handtransmitted vibration, although the standards were based only on information from developed countries 8) . It is impossible to assess the impact of the labor situation on the health of workers in tropical areas because of the lack of data from these areas. This study aimed to clarify the characteristics of HAVS due to rock drill operation in the tropical area.
Materials and Methods
Fifty quarry companies in the Qui Nhon area, in southern Vietnam, which produce 30% of the stone quarried in the country, were selected for the study. In this area, the ambient temperature is higher than 25°C throughout the year, and during the rainy season from November to February it is impossible to operate rock drills. The subjects were 73 rock drill operators, about 50% of the operators in this area, and 29 control workers who performed manual tasks in the same companies. The mean ages of the subjects and controls were 31.2 ± 7.7 and 33.4 ± 8.6 yr, respectively, and the median operation time was 4.0 yr, in both groups (Fig. 1) .
Vibration acceleration in operation was measured for the handle of rock drills made in China or Russia using a Human Vibration Meter (Larson-Davis HIV100) according to ISO5349-2.
9)
Exposure time to vibration per working day was observed and recorded in the actual working environment by researchers (Fig. 2) .
The subjects' life histories, employment histories, histories of illness, and subjective complaints were checked by interview. The function tests consisted of peripheral circulatory and sensori-neural tests. Peripheral circulatory function was assessed by measuring finger skin temperature, recovery time after finger nail compression, and recovery of finger skin temperature after cold provocation (immersion of a hand in water at 10°C for 10 min). Sensory function was assessed on the basis of the threshold of vibration and pain sensation. In addition to these functional tests, tapping ability and grip force were also measured. The methods and criteria were presented in detail elsewhere 4) . The ambient temperature of the testing room was 27.5-30.0°C during the test procedure.
The statistical significance of differences between the mean values of the two groups was evaluated by Student's t-test. p-values less than 0.05 were considered significant. Using these items as continuous variables, factor analysis was carried out in order to extract common effects on these tests. Factor loadings were computed using Maximum-Likelihood extraction and promax rotation. All analyses were carried out using SPSS12.0J statistical software.
Results
Total weighted r.m.s. acceleration of the rock drills was 45-55 m/s 2 . According to the results of work observation studies, daily exposure times were 160-210 min. Regarding major subjective complaints, no workers were identified as having a history of suffering from white finger ( Table 1 ). The prevalence of finger hypoesthesia was 67.6% ("always": 16.2%) in rock drill operators and 3.8% in control workers. The prevalence of weakness of hands, hypoesthesia of fingers, and coldness of hands was significantly higher than that of controls. The prevalence of complaints by exposure time is shown in Table 2 . The prevalence of muscle and joint impairments and noise-induced disturbances were significantly higher Table 3 shows the mean values of function tests in the operators and controls. No significant differences were observed in any of the tests. The prevalence of poor recovery (<60%) of skin temperature after the cold water immersion test was 6.8% (n=5) among operators and none among the controls, as shown in Fig. 3 . The prevalence of abnormal vibration sensation (125Hz.>7.5dB) was 16.2% (n=12) among operators and 7.7% (n=2) in the controls, and that of pain sensation (>3g) was 25.7% (n=19) in the operators and none among the controls (p<0.05), as shown in Fig. 4 .
The prevalence of having both subjective complaints (hypoesthesia of fingers) and abnormal findings of functional tests (both vibration and pain sensation) was 6.8% (n=5) among the operators.
Discussion
In the early 1960s HAVS was reported in hard-rock miners using jackleg hammers and stopper drills in Canada [10] [11] [12] . Subsequently reports came from Europe [13] [14] [15] , Japan 16, 17) , and Korea, together with further reports from Canada [19] [20] [21] [22] [23] [24] and America 25) . The prevalence ranged from 12.5 to 50% and the median latent intervals . Alice Hamilton's investigation had found a prevalence of 89% in 1918 and the prevalence was still 80% in 1978. Bovenzi et al. 28) , in 1988, surveyed a similar group of stone drillers in Tuscany, Italy. The prevalence of HAVS was 35.5% with a mean latent interval of ten years.
Since the 1970s, mechanization, including the use of rock drills in quarries, has been spreading in tropical areas including Vietnam. Little research has focused on the health of quarry workers in these areas.
The present study selected subjects after receiving the agreement of workers, employers and workers' unions, so it was impossible to neglect selection bias. The difference of age distribution between operators and controls did not appear to be very large in the 20-30 yr old group.
The rock drills used by the workers in this study were late 1980s to early 1990s models, and ISO5349-1 predicted that their acceleration levels would be associated with a high risk of development of HAVS in workers using them according for 8 h/d. Energy-equivalent values . Those results may indicate that cold triggers blanching attacks and a pathophysiological mechanism operates in the finger vasculature as either a manifestation of sympathetic hyperactivity or as an enhanced response of the vasomotor receptors to cold stimulus. Suzuki and Ito reported that the critical ambient temperature for the provocation of white finger was around 15°C 29) . The reasons why no worker exhibited VWF may be explained as follows: (1) warmer ambient work conditions (higher than 25°C throughout the year), (2) younger average age and less work experience, (3) seasonal change in work operations (impossible to use rock drills during the rainy season for 2-3 months of the year), and (4) a healthy worker effect in a cross-sectional health examination.
On the other hand, 5-10% of rock drill operators might be suffering from moderate HAVS (6 operators seemed to be S-1 grade on the Stockholm Scale), which was sensori-neural type dominant. As shown in Table 4 , factor analysis of functional tests suggested that circulatory and sensori-neural functions were clearly independent. There may be some distinctive characteristic features of HAVS in the tropical area.
Comprehensive occupational health administration not only of HAVS but also of the effects of noise and dust is needed for these quarry workers. 
